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Abstract
Introduction: The hospital sector has shifted its focus
to advanced information and communication technologies to
facilitate health care delivery through telehealth services to
alleviate the industry’s most pressing challenges in quality
care and access, especially under changing reimbursement
payment approaches. The aim of this study was to examine
the association between alternative payment models (APMs),
market competition, and telehealth provisions in the hos-
pital setting.
Materials and Methods: A secondary cross-sectional design
to analyze 2018 census data of nonfederal short-term acute
care hospitals in the United States was used. Multilevel lo-
gistic regressions models were used to analyze data from
4,257 hospitals across 1,874 counties. Counties with less
than one hospital were excluded.
Results: Regarding APMs, we found that hospital partici-
pation in accountable care organizations and participation
in a bundled payment risk arrangement are significantly
associated with the provision of telehealth services. From the
market perspective, competitive advantage was found to be
statistically associated with hospitals providing telehealth
services. In addition, other hospital characteristics such as
ownership, part of a system, part of a network, and major
teaching affiliation also have impact on the provision of
telehealth.
Conclusions: The increase uptake of telehealth-related
capabilities and their strong integration into care-delivery
systems under APMs present exciting opportunities to en-
hance the merit of clinical care, and challenges as clinical
professionals are not adept to using such technologies.
There is a need to provide comprehensive of evidence on
telehealth.
Keywords: telehealth, telemedicine, alternative payment
model, accountable care organization, bundled payment
Introduction
T
elehealth is a way to provide health care services
regardless of place, time, or physical barriers.1 It has
emerged as an important component of the health
care system, especially within the hospital setting,
because it has shown to significantly impact hospitals in
term of access, quality, and cost.2,3 Particularly, the use of
telehealth technologies, tools, and services may increase
patients’ access to care, reduce unnecessary health care uti-
lization and moral hazard, and increase hospitals’ competi-
tive advantage.1,4,5
Telehealth uses advanced information and communica-
tion technologies (ICT) to support clinical care delivery,
patient-centered education, public health efforts, and ad-
ministration.6–8 According to the Department of Health and
Human Services (DHHS), >40% of hospitals used telehealth
interventions for their employees and patients, and tele-
communicated with other health care professionals and
among health care professionals and patients.7 There is an
increased sense of urgency to advance evidence-based re-
search for telehealth technology and use it as quickly to
expand into multiple health sectors.9,10
One sector of health care that has increased its use of tele-
health services is the hospital. Hospitals have shifted their focus
to advanced ICT to facilitate health care delivery through tel-
ehealth services to alleviate the industry’s most pressing chal-
lenges in quality care and access.11,12 Studies have shown that
technology can improve patient outcomes, it may also increase
hospital efficiency and financial performance especially under
changing reimbursement payment approaches.13
COMPETITIVE ADVANTAGE
Hospitals may gain significant competitive advantage
through ICT applications, yet the U.S. hospital industry lags
behind other health care industries in terms of technology
adoption and adaptation.14 According to the DHHS, only
40% of hospitals adopted telehealth interventions compared
with 60% for other health care organizations, such as private
physician practices and home health care.1,15 For urgent-
care centers, telehealth utilization increased by 1,434% from
2008 to 2017.16 Reports indicated that telehealth adoption
among hospitals and health systems has increased over the
past 5 years from 54% in 2014 to 85% in 2019.16 Two-way














































video/webcam technologies are being used by almost two-
thirds of hospitals in 2019, which has significantly increased
from less than half in 2016.16,17
ALTERNATIVE PAYMENT MODELS
Hospital alternative payment models (APMs) have devel-
oped rapidly over the past several years.18 Two main alterna-
tive payment methods are bundled payments and accountable
care organizations (ACOs). Bundling is a payment scheme that
allows health care providers to receive a single payment for
services rendered across one or parts of the care continuum.
The ACO is a health care organization that links reimburse-
ment to outcomes such as quality care and cost reductions
reimbursements to quality metrics and reductions in the cost of
care.19 The ACO is responsible to patients and third-party
payers for the appropriateness and quality of care. The goal of
the ACO was to promote efficiencies at all levels of patient
care. Successes of the ACO are reflected in the cost saving
among the provider participants in the program.
Organizations that have integrated their financial structure
with their delivery of care using such APMs, cover and often
encourage the utilization of ICT to improve care, reduce cost,
and facilitate better and timely access to care.19 CMS grants
more flexibility for telemedicine services under bundled
payment model for joint replacements.20 However, more in-
formation is needed about the association between ACOs,
bundled payment models, and telehealth adoption. Pre-
liminary evidence suggests that hospitals that participate in
an ACO may be more likely to adopt telehealth strategies to
accommodate the increase of patient volume.19,21
PURPOSE OF THIS STUDY
Thus, the utilization of ICT in such an environment may be
critical to ensure adequate access to care. The increased po-
litical push and use of bundled payments and ACO provide an
opportunity to better understand how organizations are ex-
perimenting with telehealth to improve health. In addition,
market characteristics also play a significant role for tele-
health adoption. Hospitals located in more competitive areas
and received reimbursement for private payers were associ-
ated with higher level of hospital telehealth adoption.4,22
Therefore, the aim of this study was to examine the associa-
tion between APMs, market competition, and telehealth pro-
visions in the hospital setting.
Materials and Methods
We used a secondary cross-sectional design to analyze
census data of nonfederal short-term acute care hospitals in
the United States.
DATA SOURCES
We used the 2018 American Hospital Association (AHA)
Annual Survey, Area Health Resource File (AHRF), and
Dartmouth Atlas Hospital Service Area (HSA) dataset. The
HSA dataset provides geocodes for geographic boundaries of
hospital service area (n = 3,234). HSA is defined as the col-
lection of ZIP codes where residents receive the largest pro-
portion of their hospitalization from the hospitals in that area.
The AHA data collect information on >6,000 hospitals. The
survey contains information specific to hospital characteris-
tics including hospital structure and process. The AHRF col-
lects and stores county-level information across the United
States about health care professional, health facilities, hospital
utilization, and population estimates. The three datasets were
all merged using CMS Provider Number and County Federal
Information Processing Standards (FIPS).
The data on hospital characteristics that support the find-
ings of this study were obtained from the AHA. The Area
Health Resource File and Dartmouth Atlas Hospital Referral





Our dependent variable was hospital use of telehealth ser-
vices (1 = Yes, No = 0). We created an overall telehealth di-
chotomous variable using a series of six survey items in the
2018 AHA data. The survey asked hospitals whether they
provided consultation and office visits, electronic intensive
care unit, stroke care, psychiatric and addiction treatment,
remote patient monitoring postdischarge, or remote patient
monitoring ongoing chronic management through tele-
health. If hospitals answered ‘‘yes’’ to providing any of the
listed telehealth services, then they provided telehealth ser-
vices (n = 2,351), and if hospitals answered ‘‘no’’ to all the
listed services, then those hospitals did not provide any tele-
health services (n = 1,906). The independent variables are
hospital participating in ACOs (1 = Yes, No = 0), participating
in a bundled payment risk arrangement (1 = Yes, No = 0), and
market competition, measured by the Herfindahl–Hirschman
Index (HHI). A hospital HHI is the ratio of total hospital in-
patient days by a county’s total inpatient days accounting
for a hospital’s system affiliation. A hospital HHI closer to 1
represents a monopoly, whereas closer to 0 represents a
competitive market.
In this study, we also included both hospital and market
level control variables. Previous research shows that organi-
zation characteristics such as hospital size, system membership,
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ownership, and teaching status are important to under-
standing the propensity to technology adoption.4,23 Hospital
size (small: 0–99 beds, medium: 100–399 beds, large: 400+
beds) is an accepted factor in predicting organizational ca-
pacity.24 Thus, hospital characteristics that were included in
the study based on past research contribution were hospital
size (small: 0–99 beds, medium: 100–399 beds, large: 400+
beds), hospital ownership (for-profit, not-for-profit, and
nonfederal government), teaching affiliation (major teach-
ing, minor teaching, and nonteaching), hospital location
(rural and urban), critical access hospital, part of a system,
and part of a network. In addition, hospital payer mix is
assessed by considering Medicaid discharges as a percentage
of total discharges. Furthermore, we included several market
covariates that were identified of importance in previous
research. These variables included health professional short-
age areas (1 = physician or mental health professional short-
age county, 0 = not a shortage county), per capita income, and
population size. These variables will impact the market supply
and demand.25
ANALYSIS
We summarized our findings using frequency and per-
centage for categorical variables and mean values and
standard deviations for numeric variables. The analyses were
performed using STATA 14 SE. Multilevel logistic regres-
sions models were used to adjust for county nesting effect.
This study analyzed data from 4,257 hospitals across 1,874
counties. That is, we have 4,257 hospitals (level 1 units)
nested in 1,874 counties (level 2 units). Counties pertain to a
level (rather than a predictor variable), whereas hospital
characteristics such as size, ownership, location pertain to a
predictor variable because its categories are both nonrandom
and theoretically meaningful.
Therefore, the multilevel logistic
regression analysis considers
the variations owing to nesting
structure in the data and allows
the examination of the effects
of group-level (county) and
individual-level variables (hos-
pital) on individual-level out-
comes. In addition, this analysis
allows the examination of both
between-group and within-group
variability and how group-level
and individual-level variables
are related to variability at both
levels. All variables were tested
for multicollinearity. Akaike’s and Schwarz’s Bayesian infor-
mation criteria were used to determine model fit.
Results
Our sample (4,257) is representative of the U.S. hospital
population, which includes almost all the nonfederal, short-
term general hospitals. Hospitals with missing data were not
included in the study.
DESCRIPTIVE STATISTICS
Table 1 provides the percentage of hospitals that provided
telehealth in 2018. Among all the community hospitals
(4,257) in the United States, 55.23% used telehealth services
(n = 2,351) in 2017. The most common service provided is
stroke care (39.56%), followed by consulting and office visits
(37.59%) and psychiatric and addiction treatment (24.43%).
Other telehealth services are relatively less prevalent, with
remote patient monitoring ongoing chronic care management
(18.98%), remote patient monitoring postdischarge (15.03%),
and electronic intensive care unit (17.27%).
Table 2 provides the bivariate analysis of the independent
variables to the dependent variable. The results show that
the likelihood of using telehealth services is significantly
correlated with the hospital participating in ACOs and par-
ticipating in a bundled payment risk arrangement. In addi-
tion, the analysis indicates that the telehealth provision was
significantly related to hospital market competition (HHI).
Finally, hospital characteristics such as hospital size, own-
ership, part of a system, part of a network, teaching affilia-
tion, location, whether is a critical access hospital and
market characteristics such as the designated shortage
county, and per capita income are all significantly related to
the telehealth provision.
Table 1. Percentage of Hospitals That Provided Telehealth in 2017
HOSPITAL PROVISION OF TELEHEALTH SERVICES (N = 4,257)
NO (%) YES (%)
Telehealth services 1,906 44.77 2,351 55.23
Consultation and office visits 2,657 62.41 1,600 37.59
Electronic intensive care unit 3,522 82.73 735 17.27
Stroke care 2,573 60.44 1,684 39.56
Psychiatric and addiction treatment 3,217 75.57 1,040 24.43
Remote patient monitoring postdischarge 3,617 84.97 640 15.03
Remote patient monitoring ongoing
chronic care management
3,449 81.02 808 18.98
ZHAO ET AL.














































Table 2. Descriptive Statistics of Telehealth Services Based on Hospital Characteristics
CATEGORICAL VARIABLES N
HOSPITAL PROVISION OF TELEHEALTH SERVICES
P
NO Yes
F % F %
ACOs 3,110
Yes 248 17.58 1,163 82.42
No 633 37.26 1,066 62.74
Bundled payment 3,072 0.000
Yes 61 11.13 487 88.87
No 810 32.09 1,714 67.91
Size 4,257 0.000
Large 107 23.67 345 76.33
Medium 685 40.82 993 59.18
Small 1,114 52.37 1,013 47.63
Ownership 4,257 0.000
Non-for-profit 880 33.41 1,754 66.59
For-profit 462 73.57 166 26.43
Government 564 56.68 431 43.32
System 4,257 0.000
Yes 1,108 39.26 1,714 60.74
No 798 55.61 637 44.39
Network 3321 0.000
Yes 339 21.37 1,247 78.63
No 631 36.37 1,104 63.63
Teaching status 4,257 0.000
Major 26 11.35 203 88.65
Minor 575 38.31 926 61.69
Non 1,305 51.64 1,222 48.36
Location 4,257 0.000
Rural 932 52.13 856 47.87
Urban 974 39.45 1,495 60.55
Critical care access hospital 4,257 0.000
Yes 687 53.34 601 46.66
No 1,219 41.06 1,750 58.94
Designated shortage county 4,257 0.016
Yes 1,860 45.1 2,264 54.9
No 46 34.59 87 65.41
CONTINUOUS VARIABLES N MEAN SD MEAN SD P
Herfindahl–Hirschman Index 4,257 0.759172991 0.36 0.723650575 0.37 0.002
Medicaid percentage of inpatient days 4,257 19.66423439 14.32 20.11883425 14/49 0.306
Per capita income 4,258 43,210.08817 11,457.13 46,659.22782 14,836.62 0
County population 4,254 637,955.1802 1,672,462 633,519.2118 1,444,185 0.926
ACO, accountable care organization; SD, standard deviation.















































Table 3 provides the findings from the multilevel logistic
regression model. As predicted, participation in ACOs and
bundled payment risk arrangements are significantly posi-
tively related to hospital telehealth provision. In addition, the
higher HHI, meaning the lower market competition, is sig-
nificantly related to hospital telehealth provision. Regarding
other hospital characteristics, the significant impacting fac-
tors are hospital ownership, part of a system, part of a net-
work, and being a major teaching hospital. However, no other
hospital and market characteristics are significant.
Compared with the private non-for-profit hospitals, both
the government-owned and private for-profit hospitals are
less likely to provide telehealth services. Compared with in-
dependent hospitals, the system-owned hospitals are more
likely to provide telehealth services. Compared with the hos-
pitals that are not in a network, the ones that are in a network
are more likely to provide telehealth services. Compared with
nonteaching hospitals, major teaching hospitals are more
likely to provide telehealth services, whereas minor teaching
hospitals are not significant.
The odds ratio estimates with 95% Wald’s confidence limits
are provided in Table 3 to report the magnitudes of the impact
from the predictors. The odds for hospitals that participate in an
ACO is 1.84 times more than that of hospitals without partici-
pation to offer telehealth services. Similarly, the odds for hos-
pitals that participate in bundled payment program is two times
more than that of hospitals without participation. In addition,
a unit increase from the average HHI leads to a
57% increase in the odds to provide telehealth
services. Finally, this study also shows that the
odds for major teaching hospitals to provide
telehealth services is 2.67 times more than that
of nonteaching hospitals. On the contrary,
participation in the system and network in-
creases the odds by *30% and 41%, respec-
tively, whereas government and for-profit
hospitals decreases the odds by 49% and 66%
compared with not-for-profit hospitals.
Discussion
This study provides important insight
into the association between APMs, market
competition, and telehealth provision in the
hospital setting. The economic efficiencies
of telehealth are supported by recent studies
but have not been studied with financial risk
models such as ACOs and bundled pay-
ments.26,27 Our research found that hospitals
participating in ACOs and those participat-
ing in bundled payment programs were
more likely to provide telehealth services.
These financing models encourage organi-
zations to use specialist resources for pa-
tients in an efficient manner.28 This likely
indicates that the economic efficiencies as-
sociated with telehealth interventions may
be facilitating hospitals participating in
higher risk financial models to adopt tele-
health. Similar to our findings, a study of
393 ACO hospitals and 810 non-ACO hos-
pitals found that ACO participating hospi-
tals were more likely to adopt health IT.29
Table 3. Multilevel Analysis of Telehealth Services, Hospital Characteristics,
and Community Characteristics
ODDS RATIO SD 95% CI P > Z
Part of an ACO (Reference: No) 1.84 0.21 1.47–2.30 0
Bundled payment (Reference: No) 2.12 0.38 1.49–3.00 0
Herfindahl–Hirschman Index 1.57 0.27 1.12–2.21 0.009
Hospital size (Reference: Small)
Medium 1.33 0.19 1.00–1.77 0.052
Large 1.50 0.36 0.94–2.40 0.093
Ownership status (Reference: Not-for-Profit)
Government 0.51 0.06 0.40–0.66 0
For Profit 0.34 0.06 0.24–0.48 0
Part of a system (Reference: No) 1.30 0.15 1.03–1.64 0.027
Part of a Network (Reference: No) 1.41 0.15 1.15–1.75 0.001
Teaching affiliation (Reference: Nonteaching)
Minor 0.95 0.12 0.74–1.23 0.72
Major 2.67 0.89 1.40–5.12 0.003
Rural location (Reference: Urban) 0.88 0.12 0.67–1.16 0.361
Critical Access Hospital (Reference: No) 0.79 0.11 0.60–1.03 0.082
Designated shortage county (Reference: No) 0.81 0.27 0.41–1.58 0.537
Medicaid percentage of inpatient days 1.00 0.003 0.99–1.01 0.954
Per capita income 1.00 5.16E-06 1.00–1.00 0.079
Population size 0.99 7.86E-08 1.00–1.00 0.167
AIC 3,269.83
BIC 3,384.3
AIC, Akanke information criteria; BIC, Bayesian information criteria; CI, confidence interval.
ZHAO ET AL.














































However, some authors suggest that ACO contracts that are
driven by cost reductions may not readily adopt new tech-
nologies. Nevertheless, the need for cost reductions may
incentivize ACOs to eventually adopt telehealth technology
as the benefits are noted over time (years) compared with the
cost of initial investments.30
Our study found that hospital market concentration has a
significant effect on hospital telehealth provision. The find-
ings indicate that hospitals located in less competitive markets
were more likely to provide telehealth services. Although our
research is in contrast to a previous study that found hospital
competition was not associated with telehealth adoption, it
did support other studies that hospitals located in less com-
petitive areas were more likely to adopt telehealth.3,31,32
Hospitals in less competitive markets are more likely to lack
the specialist resources than that of more highly populated
and competitive areas. Therefore, less populated and more
rural areas would need to rely on telehealth to cost-effectively
bring needed services into hard to staff areas.31 Furthermore,
hospitals located in more competitive areas and those that
received a greater percentage of reimbursement from private
payers were associated with a higher level of hospital tele-
health adoption.4,22
Other hospital characteristics were found to significantly
influence the provision of telehealth. Our research indicates
that, compared with private not-for-profit hospitals, both
the government and for-profit hospitals were less likely to
provide telehealth services. In addition, system-owned hos-
pitals and hospitals in a network were more likely to provide
telehealth services. This is supported by Ward et al. who
studied the U.S. hospitals in the 2013 HIMSS database. Their
study results indicated that hospitals that were more likely to
have implemented telehealth services were not-for-profit in-
stitutions, academic medical centers, hospitals that were part
of integrated delivery systems.23,29 Furthermore, another
study revealed that large system-affiliated, not-for-profit, and
teaching hospitals have a greater propensity to adopt tele-
health programs.23 Not-for-profit hospitals were able to use
excess income to fund patient benefits, and hospitals that were
system affiliated had greater access to shared information and
coordination of resources, as well as the ability to share risk
and costs.23
Similarly, Adler-Milstein et al. researched 2,891 acute care
U.S. hospitals using the IT Supplement to the AHA 2012 An-
nual Survey of Hospitals and found that hospitals that had
greater technological capabilities were more likely to have
adopted some type of telehealth.4 These were typically hos-
pitals that were part of larger hospital systems and teaching
hospitals.4 They also found that hospitals in large rural areas
had a higher likelihood to be associated with telehealth
adoption. In support, according to Huilgol et al.32 hospitals
located in rural, less populated areas, with lower number of
employees, and utilizing technology integrating into elec-
tronic health record adopted telehealth more than counter-
parts in California. Other studies found that hospitals located
in remote and isolated regions were less likely to employ
telehealth service.3,33
POLICY AND PRACTICE IMPLICATIONS
This study provides important insights into the association
between APMs, market competition, and telehealth provi-
sions in the hospital setting. By examining both hospital and
market characteristics that determine hospital telehealth
adoption using the latest national level data, this study
provided a framework to incentivize payment models and
promulgate policies to promote quality care using the latest
technological advancements. Therefore, the findings from
this study provide a more updated and systematic consid-
eration for hospital telehealth adoption. Hospital adminis-
trators and policymakers need to better understand the
financial efficiencies of telehealth services and the provision
of health care. The recent changes in legislation will revise
reimbursement and, therefore, impact hospitals adoption of
telehealth services. Both the Health Information Technology
for Economic and Clinical Health (HITECH) Act of 2009 and
the Patient Accountability and Affordable Care Act (ACA) of
2010 supported the expansion of and innovation in tele-
health technologies. The ACA supported telehealth in the
context of ACOs that focused on attempting to foster
evidence-based high-quality and coordinated care and cost
saving (42 U.S.C. · 1395jjj). The Medicare Access and CHIP
Reauthorization Act (MACRA) of 2015 has accelerated the
shift from traditional fee-for-service payment model to merit
and value-based payment scheme (Public Law No. 114-10),
which has created the need to improve the approach used to
deliver care. As our results support that value-based care and
the expansion of APMs such as bundled payment and ACOs
can facilitate the adoption of telehealth services.34 Tele-
health services seems to be a cost-effective method to pro-
vide some aspects of care. Therefore, policy makers should
understand how the various payment methodologies can
impact the growth and dissemination of health care tele-
health technologies and innovations.
Our research also found that for-profit hospitals were less
likely to provide telehealth services than not-for-profit
hospitals. Policy makers should understand why and develop
policies that encourage all hospitals and health systems to
use more cost-efficient, yet effective, methods of providing
TELEHEALTH AND ALTERNATIVE PAYMENT














































health care services. For example, policies that encourage
hospital administrators to develop key performance indica-
tors for telehealth services should be considered to lower the
cost of care. Given that the U.S. health care system will
continue to evolve toward improved quality and efficiency,
hospitals and health systems must have the analytic cap-
abilities to track and report how each of their telehealth
services is performing. Key performance indicators for tele-
health services should be developed and measured. This can
improve efforts to better reimburse for telehealth services, as
several legislative proposals have attempted to expand
payment but are typically viewed by economists and budget
experts as cost increasing if not implemented and utilized
well.
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